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SPACE SHUTTLE ASTRODYNAMICAL CONSTANTS 

By B. F. Cockrell and Bruce Wllliafflson 
Mathematical Physics Branch 


1.0 SUMMARY 

This document provides basic space Shuttle astrodynamlc constants for use In 
mission planning and construction of ground and onboard software Input loads. 
The data Included here are provided to facilitate the use of consistent 
numerical values throughout the project. The document supersedes reference 1. 


2.0 INTRODUCTION 

The astrodynamlc constants presented In this document are taken primarily from 
reference •'Natural Environment and Physical Standards ‘.'or Apollo and AAP". 
Those data have been expanded, and other data have been Included when there was 
an Indication that additional Information would be useful. The values of the 
constants In reference 3 have been Informally adopted by the Interplanetary 
Trajectory Committee. 


3.0 DISCUSSION OF DATA 

The data included in this document are described briefly in this section. 
Detailed Information may be found at the beginning of sections 4 and 5. 


3.1 ASTRODYNAMIC CONSTANTS 

The trajectory prediction and astrodynamlc constants arm presented In section 4. 
The values Induced are based upon (ref. 2) and the Apollo Navigation Narking 
Group document (ref. 4), but additional data have been Included. 


3.2 CONVERSION FACTG.'^S 

A Hat of conversion factors that were used to generate the data In section 4 
la given in section 5.0. These are the mlnlmun conversions required for systems 
of units commonly In use at JSC. 
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4 . 0 ASTRODYNAMIC C ONSTANT S AN D TA RAMETERS 

4.1 INTRODUCTION 

This Motion pressnts the values and associated uncertainties of the constants 
and models used in trajectory prediction. A list of conversion factors and 
a description of the gravitational potential equation are also included. 

Uncertainties (Id) are presented if available. For consistent conversion 
between units, more decimal digits are given for some quantities than are 
Justified by the uncertainties. The values presented are in agreement with 
those adopted by NASA Headquarters (ref. 2). 


4.2 CONSTANTS AND PARAMETERS 


4.2.1 Angula r Vel ocity of the Ea r th's Rotation 
W ith Resp ec t to the Vernal E qu inox 

The Earth's angular rotational velocity with respect to a prccessing equinox 
(<«p) and inertial equinox (4ij) for OFT (calendar year 1979) based on referenoes 
6 and 16 is 

ijp = .7292115854918357 - 004 radians per second 
•*ij s .72921 15146459210 - 004 radians per second 

4.2.2 O ther Constants 

This section defines values for other constants used in the ground and onboard 
software. Many of these parameters are not basic constants but are derived 
using some defining assumption. 

a. Stellar ab e rrat ion cons tant - the maximum aberration of a star obsorvod 
from the Earth occurs when direction of motion of observer is at right 
angles to lino of sight to star. 

Cft = .993674 X 10-'' mr' 

b. Moan molecular weight of air - the mean molecular weight of the 10 air 
censtituents (Np, O^, Ar, COp, No, Ho, Jlr, Xe, Clly , Hp) found by: 

^ (ni • Mi) 

Mq = = 28.964'1 Ki/Kmol 

^ rii 
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whore la number density and Mj la molecular weight 

®* The ga a consta nt - the constant factor In the equation of state fo'* 
perfect gases. 

R* » 8.31^32 X 10”^ Newton meter (Kmol’K) 

6 “ derived constant used In onboard oalculatlona of density Involving 

sea level gravity acceleration, mean molecular weight and the gas constant 

g_0VER_R s .010M129U K°/ft 

e. Speed of s ound consta nt - derived constant used In the calculation of 
the speed of sound. The speed of sound Is defined by: 



whore y = 1.<l and Is the ratio of the specific heat of air at constant 
pressure to that at a constant volura*-* (dlmenslmlers) . 

Because y, R*, and ar'* constants, the” are combined for computational 

ease and the equation is written: 

when> K is tho speed of sound constant 

K = 65.77035 rt/soc/V*^ 


J 
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4.2.3 Grav i tational Po te ntial Funotlon 

The classical expression for the gravitational potential V exerted at a 
point In space located at a dlatance r f'oa the center of the attracting 


body 

of 

radius Rg 

and 

gravitational 

p iraaeter pg given in equation 

as 








m 

pE 

/ReVo n 


V(r, 

4). 

X) . £ 

r 

ir) E 

P^j, (sl.i ^) con(mx) ♦ sln(nX) 



nsO 


msO 



^ Is latitude (geodetic) 
X Is longitude 


where and 3,^^ are the hamonlo coefflclento of tho potential function 

and P^uj(sln «^) represents tho associated Legendre functions of tho first kind, 
of degraj n and order m. Because sin ^ « z/r s u, whore u Is a direction 
cosine, tho associated Legendre functions may bo expressed as: 




. ■ „n 

2"n! du""^® 


Tho constants are for tool time operations are: 

C 2 ,o » -1082.7 X 10-^ 

€ 3^0 = 2.56 X 10“^ 

C(,^0 = 1.58 X 10'^ 

C 22 = 1.57 X 10"6 

S 22 = -.897 X 10"® 

all other's are zero. 

(Higher order models are sometimes used for analysis and postmlsslon trajectory 
reconstruction.) 
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U.2.3«1 Equatorial Earth Radius (Qravltational) 

1 E.r. 5 .6 3781 60000000000 *007 ♦ .50000«-001 n (ref. 2). 

1 E.r. k .2092572178U77690^008 Z .1640U4002 Int. ft 

1 E.r. 1 . 3443930885519 158«-004 7 .26998-002 n. ml. 

1 E.r. s .9999992160754699^000 7 .78392-006 E.r. (MCC) 


4. 2. 3 . 2 Gravitational Parameter (GM^ * * I'Eai'th) 

U* X .3986012000000000*015 ♦ .40000^009 m^/see^ (re;. 2). 
Ug s . 1407646853278542->017 7 .14126^001 (int. ftP/see^ 

Ug s .6275027808522208^005 7 .62970-001 (n. mi*)^/aec^ 

Me * .199093l66l8l6326«-002 7 .19979-004 (E.r.)3/hr^ (MCC) 


4. 2. 3. 3 Mass of the Earth 

M- X .5973343323842350+025 KG 
M* X . 131689678 198 1220+026 LBM 


4.2.4 Luna r C oi.stan ts 


4.2.4. 1 Earth-Moon Mass Ratio (ref. 2) 

Me/M„ X 81.3010 (+0.0010) 


4. 2. 4. 2 Mean Lunar Radius 


R X .1738090000000000 + 007 ♦ .70000 ♦ 002 m (ref. 2) 

R™ X .5702395013123360 + 007 7 .22966 + 003 Int. ft 

Rn = .9384935205183585 + 003 7 .37797 - 001 n. mi. 

R„ X .2725062772756741 ♦ 000 7 .10975 - 004 E.r. (MCC) 


4. 2. 4. 3 Principal Axes 


a 


.1738570000000000 

4- 

007 


.70000 

4 

002 

m (ref. 

2) 

a 

= 

.5703969816272966 

♦ 

007 

+ 

. 22966 

4 

003 

int. ft 


a 

z 

.9387526997840173 

4- 

003 

4 - 

.37797 

- 

001 

n. ml . 


a 

z 

.2725815340305558 

•f 

000 

■f 

.10975 

- 

004 

E.r. (MCC) 

b 

_ 

.1738210000000000 

+ 

007 

4- 

.70000 

4 

002 

IT (ref. 

2) 

b 

r 

.5702788713910761 

4- 

007 

4 - 

.22966 

4 

003 

Int. ft 


b 

z 

.9335583153347732 


003 

4- 

.37797 

- 

001 

n. ml . 


b 

z 

.2725250914643945 

4- 

000 

4 - 

.10075 

- 

004 

E.r. (MCC) 
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c « . 1737‘»90000000000 ♦ 007 ♦ .70000 ♦ 002 
c » .5700926509186352 ♦ 007 ♦ .22966 ♦ 003 
0 1 .9381695969362851 ♦ 003 ” .37797 - 001 
c • .2729122063320720 ♦ 000 T .10975 - 009 


a {rtf. 2) 
int. ft 
n. mi . 

E.p. (MCC) 


where a ia directed toward the center of the Earth, o Is coincident with 
the Moon's rotational axis, and b is perpendicular to a and c. 


Moon (GM^ « Uq, « y Moon) 


♦ .60000 ♦ 006 
7 .21189 » 010 
7 .99956 - 002 
7 .29969 - 005 


9.2.5 General Constants 


9.2.5. 1 Astronomical Unit 


m^/aec^ (ref. 2) 

(int. ft)^/39C 
(n. mi.)^/sec^ 
E.r.^/hr^ (MCC) 


9. 2. 9. 9 Gravitational parameter for the 


P Moon s .9902780000000000 >013 
M Moon « .1731900917087798 ♦ 015 
M Mocn a .7716260968372028 > 003 
li Moon « .2998838571715250 > 000 


AH s . 1995978930000000 > 012 ♦ 
AU s .9908067355693095 ♦ 012 7 
AU X .8077690010799136 > 008 7 
AU X .2395969159233102 ♦ 005 7 


.50000 

> 009 

ffl (ref. 2) 

. 16909 

> 005 

int. ft 

.26998 

> 001 

n. mi. 

.78393 

- 003 

E.r. (MCC) 


9. 2. 5. 2 Velocity of Light in a Vacuum 


c X .2997925000000000 > 009 > .30000 > 003 m/sec (ref. 2) 

c s .9835711992257218 > 009 7 .98925 > 003 Int. ft/sec 

c X .1618750000000000 > 006 >. 16199 > 000 n. mi. /sec 

c X .1692105801590269 + 006 7 .16933 > 000 E.r./hr (MCC) 


9. 2. 5. 3 Gravitational Parameters for the Sun 


V Sun X .1327129990000000 021 > .15000 > 019 
li Sun X .9636697671960888 > 022 7 .52972 >015 
U Sun X .2089292635906959 > 011 > .23619 > 009 
u Sun X .6623718533157138 > 00/ 7 .79922 > 000 


m^/sec^ (ref. 2) 
(Int. ftP/aec^ 
(n. mi.)^/ooc^ 
K.r.^/hr^ (MCC) 
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4.3 EPHEMERIS TAPE SYSTEMS 


4.3.1 D E19 Tapq 

The nphenerls tape systea to be used for all mlaalona la provided by JPL 
arvi la oallod the JPL Developnent Ephemerla Number 19 (DE19). For additional 
information, aoe refurenoes 7 and 8. 


4.3.3 Tape Systea ^Converat on Paolora 

The .following valuea are to be uaed to convert DC19 units to kilometera 
(re fa. 7, 8, and 11). 


AU « 149 597 893 km (scale factor for planetary ephemet'idos) 

* 6378.1492 km (scale factor for lunar ephemerldes) 
s 81.301 (ratio of Earth mass to Moon maan) 

OE « 398 601.2 km^/aeo^ (grv; i. ational paramolor of the Earth) 

4.4 DRAG MODEL 

4.4.1 Roferonee Atnoapherea 

Seven reference atmospheres to bo used ai’o listed below. 

a. Jacchia (ref. 12) 

b. U. S. Standard Atmosphere, 1962 (ref. 13) 

0. U. S. Standard Atmosphere Supplements, 1966 (ref. 14) 

d. Capo Kennedy Reference Atmosphere (ref. 15) 

e. GLOBAL Reference Atmosphere (ref. 17) 

f. Edwards Atmosphere (ref. I8) 

g. Vandonberg Atmosphere (ref. 19) 

The MSFC Modified Jacchia Model is a computerized version of Jacchia 's Static 
Diffusion Model (ref. 12). This model and other mechanizations may bo used 
for density computations between 120 and 1000 km. This model is dynrmlc 
because the values of the atmospheric parameters vary widely with geomagnetic 
activity, season, solar activity, and latitude. If predicted values of solar 
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aotlvlty or goofflagnotlo activity are rea^jlred, they nay be obtained rrom 
the Matheaatloal Physios Branch, Johnson Space Center, 

The U. S. Standard Atnoaphere (^62) Is a static model In that the values of 
density are fixed with altitude. This nodel Is prlnarlly used as a standard for 
defining atnospherlo properties and Is accepted as the worldwide reference for 
air data devices. Note, however, that for altitudes In the Interval nf 300 to 
500 iOB, the 1962 standard atoK>sphere is as oiuch as 75-peroent more dense than 
the Jacohla model. The standard 1962 atmosphere model Is used In the HCC for 
nisslon operations in the Bncke free-fllght predictor whenever the spacecraft 
altitude Is between 125 ka and entry Interface. 

The U. S. Standard Atmosphere Supplements (1966) Is a dynamic model very similar 
to the HSFC modified Jacohla. It Is currently In use for Apollo entry studies 
and will be used for other entry evaluations. 

The Cape Kennedy Reference Atmosphere, which la sometimes referred to as the 
Patrick atmospherj, should be used for vehicle launch analysis and for launches 
from the Eastern Tost Range. Por launches from the Western Test Range, the 
Vandenborg reference should be used. 

The four D global and Edwards APB models are used for entry analysis, the 
generation of operational profiles and dispersion analysis. 


9 . 9 . 2 Draf E quations (for Orbit Operations) 

1 * 

Rp . - - CdP(A/M)(R - «xR) iR-nxR 1 

who 1*0 

Cd « (CDF > CDN|sln «|”)(1-|sln B| ) ♦ CDS|sln B | ♦ CDA|sin2 B sin a| 
and 

n s angle of attack 
B = angle of side slip 

CDF, CDN, CDS, CDA, N = fit coefficients associated with vehicle 
confl guration 

Cj) = 2.0 (above 1100 000 feet for constant area drag) 


B 
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A m effective cross aeMlonal Siea of vehicle 
H « mass of vehicle 

P B density of ataosphere at gUen altlinde (zp 
• 

R B Inertial velocity vector of vehicle 
R a position vector to vehicle froo the center of Earth 
Rq b acceleration vector caused by drag 
n ■ Earth's rotational vector b (0, 0, '•>) 

r 

2 i B r - - 
’ d 

/x? . yj \ ’ 

“• (— 

r B (x^ ♦ y^ ♦ 

for the ellipsoid n' H In the 1962 U. S. Standard Atnoophore, 

o B f 378 178 X 10^ m 
b 8 6.356 797 x 10^ tn 

H.5 FISCHER EARTH MODEL 

Tho following constants describe the Fischer Earth model (I960), which Is used 
for location of radar stations and other Barth sui’faco features (ref. 2) 


•1.5.1 Equatorial Earth R a dius 


a 8 .6378166000000000 007 

a 8 . 209257 'n»«698 1627 ♦ 008 
a 8 .3*»'»593J< 125269078 ♦ OOii 
= . 1000000 15678H905 ♦ 001 


ffl 

int. ft 
n. ml . 

S.r. (MCC: 
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4.5.2 Flattening 

f * flattening « 1 - b/a 
f • 1/298.30 « 0.3352329869219135 x 10“^ 

4.5.3 Polar Fartu Radius 


b « .6356784283607107 ♦ 007 m 
b « .2085559148165061 ♦ 008 Int. ft 
b X .3432388922034075 >004 n. ml. 
b X .9966478263900521 ♦ 000 E.r. (MCC) 


4.5.4 Ecce nt rtoii,y of Elllpaold 


e X 


/ 


a^ - b2 


e X .8181333401693114 - 001 
e^ X 2f - f2 

e^ X .6693421622965943 - 002 


5.0 EQUIVALENTS AND CONVtUSION FACTORS 


1 int. ft 
1 n. mi . 

1 E.r. 

1 Ibm 
1 hr 
1 rad 
1 deg 
1 km 


X .3048000000000000 ♦ 000 m (exact) (ref. 2) 

X .1852000000000000 ♦ 001 km (exact) (ref. 2) 

X .6378165000000000 004 km (exact for scaling) for 

MCC internal use 

X .4535923700000000 ♦ 000 kg (exact) (ref. 2) 
i 3600.000000000000 i- 000 sec (exact) 

X 18O/H deg 
X 3600 arc see 

X .5399568034557235 ♦000 n. mi. 
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1 m m .3280839895013123 ♦ 001 int. ft 

1 n. «i. « .6076 11 5485564 30 H ♦ 004 Int. ft 

1 ral * .5729577951308233 ♦ 002 deg 

1 deg * .1745329251994329 - 001 rad 

1 kg » .2204622621848776 ♦ 001 Ibm 

1 Int. stat. Bl. * 5280 ft (exact) 

1 ibf * 32.174048556 (Int. ft/sec^)lbm 

H s .3141592653589793 ♦ 001 (ref. 2) 
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